[1] We present new paleomagnetic and rock magnetic data from mid and late Holocene sediments recovered in two gravity cores (C087 and C142a) from Lake Issyk-Kul (central Asia), for which independent radiocarbon-based age models are available. Our results indicate that sediments from core C087 are characterized by fine (pseudo single domain) magnetite grains and are reliable recorders of Holocene geomagnetic paleosecular variation (PSV) in central Asia, which is a region with poor data coverage. Similarity is found between the core C087 PSV record, which spans the last 5700 years, and the Lake Baikal PSV record, which is the only published Holocene central Asian PSV record of comparable length with an independent radiocarbon-based chronology. Our new results represent a step forward in constructing a reference PSV curve for central Asia that can be used to date sedimentary sequences. These results can also be used to improve the reliability and accuracy of global geomagnetic field models. We have not been able to disentangle past environmental changes in the Lake Issyk-Kul region based on rock magnetic properties, probably because the magnetite and hematite in the studied sediments have a mixed (fluvial and eolian) terrigenous origin.
Introduction
[2] Documentation of geomagnetic field variations provides important information on the operation of the geodynamo and on links between solar activity and Earth's climate via improved interpretations of cosmogenic isotopes [Muscheler et al., 2005] . Geomagnetic field changes can also have important applications in geochronologic studies of Quaternary sediments [e.g., Lisé-Pronovost et al., 2009; Barletta et al., 2010] and for testing the controversial hypothesized links between Earth's magnetic field and climate [e.g., Wollin et al., 1978; Gallet et al., 2005; Snowball and Muscheler, 2007; Courtillot et al., 2007; Bard and Delaygue, 2008; Gómez-Paccard et al., 2008] . Beyond instrumental records available for the last 400 years, past geomagnetic field variations are best obtained from fired archeological materials and volcanic rocks. The magnetic signals recorded by these materials are thermoremanent magnetizations [Néel, 1955] , which provide accurate paleomagnetic directions and enable determination of absolute paleointensities. Well-dated sedimentary records can also give reliable information on changes in the direction and relative intensity of the geomagnetic field [e.g., Stockhausen, 1998; Ali et al., 1999; Frank et al., 2002; Vigliotti, 2006; Irurzun et al., 2006 Irurzun et al., , 2008 . Rapidly deposited sediments are often targeted for geomagnetic field studies due to the possibility of obtaining information on shorter period variations than can be obtained from archeomagnetic and volcanic data throughout the Holocene.
[3] Archeomagnetic, volcanic and sedimentary data can be used to construct regional curves of both the direction and intensity of the geomagnetic field [e.g., Gómez-Paccard et al., 2006 or to compute regional or global geomagnetic field models [e.g., Pavón-Carrasco et al., 2009; Korte et al., 2009] that can help to describe the temporal and spatial behavior of the geomagnetic field on centennial timescales. The accuracy and reliability of such curves and models relies on the quality, quantity and the spatial and temporal distribution of the paleomagnetic data used for their construction. A crucial issue for improving the reliability of geomagnetic field models is the fidelity of the data used for their construction. Thus, chronological uncertainties associated with the input data affect the temporal resolution of the models and strongly influence the structure of the modeled magnetic field variations . One of the regions in the world with strikingly poor data coverage is central Asia, where only three sedimentary paleosecular variation (PSV) records are available for the last six millennia from a region that covers more than 24 Â 10 6 km 2 (about 5% of the Earth's surface) and extends from about 6 to 43.5 N and 54 to 107 E ( Figure 1a ). The Lake Aslikul record spans from 2450 yr BC to 1900 yr AD [Nurgaliev et al., 1996] with high temporal resolution ($10 yr). The Aral Sea PSV record also has high resolution ($25 yr), but spans (only) 525 to 1675 yr [Nourgaliev et al., 2003] . The Lake Baikal record [Peck et al., 1996] covers from 1575 yr AD to beyond the Holocene with much lower resolution ($150 yr). Variable geomagnetic field changes are expected over this vast region. Therefore, new PSV data from this region are important for constructing geomagnetic field models.
[4] We present a new paleomagnetic and rockmagnetic study of mid to late Holocene sediments from Lake Issyk-Kul (Figure 1 ), which were recovered in two gravity cores (C142a and C087) for which independent radiocarbon-based age models are available [Larrasoaña et al., 2011] . Our results contribute to improving PSV data coverage in a virtually unexplored region and can be used to test and improve geomagnetic field models. Rock magnetic data are used to assess the reliability of the PSV record obtained and to discuss the significance of environmental variations in the studied sediments for the last six millennia.
Geological Setting and Methods
[5] Lake Issyk-Kul (182 km long, 60 km wide, 668 m deep, 1607 m a.s.l.) is a large, endorheic and slightly saline lake (about 6 g/l of total dissolved solids) that is located in one of the largest Neogene intermontane basins of the Tien Shan range (Figure 1a ). The lake is located between the Kungey (to the north) and Terzkey (to the south) ranges (Figure 1b) , which reach altitudes of up to nearly 6000 m a.s.l. and are mainly composed of PreCambrian and Paleozoic crystalline rocks [Torizin et al., 2009] . The lake has a relatively small catchment (250 km long and 100 km wide) compared with the size of the lake [Zabirov and Korotaev, 1978] . There are about 100 streams and rivers that feed the lake. The two largest rivers (Jergueland and Tyup) are located to the east of the lake. They are predominantly fed by meltwater from glaciers and snow from the Terzkey Ranges. One of the most noticeable features of the lake is the annual lake level oscillation of about 40 cm associated with the main precipitation peak and ice and snow melting (spring and summer) and ice and snow accumulation (autumn and winter) in the ice caps of the surrounding mountains. The sedimentary infill of Lake Issyk-Kul consists of a mixture of lacustrine carbonates and riverine and eolian terrigenous sediments that record Miocene through Holocene deposition Giralt et al., 2004] . In August 2000, two azimuthally unoriented continuous gravity cores, C142a (42 34′ 31.2″N, 77 20′03.0″E) and C087 (42  34′5.22″N,  77 20′10.44″E), were retrieved on board the R/V Moltur from the central northern shore of the lake at water depths of 150 and 312 m, respectively (Figure 1) . Core C142a comprises a 150-cm-thick sequence of Late Holocene clays, silts and sandy silts that accumulated in a distal lobe of the deltaic system that drains into the lake along a NE-SW direction Larrasoaña et al., 2011] (Figures 1b and 1c) . Core C087 comprises 132 cm of clays and silty clays that are equivalent to those in the uppermost 94 cm of core C142a. The lack of coarser-grained sediments at the base of core C087 might be explained by the discontinuous nature of deltaic tributary systems (Figure 1c ).
[6] Paleomagnetic samples were obtained by pushing plastic boxes (2 Â 2 Â 2 cm) continuously into the working half of cores C142a and C087. Paleomagnetic analyses were performed at the paleomagnetic laboratory of the Institute of Earth Sciences Jaume Almera (UB-CSIC) in Barcelona. They involved measurement of the low-field magnetic susceptibility (c) and progressive alternating field (AF) demagnetization of the natural remanent magnetization (NRM) of all samples. Stepwise AF demagnetization experiments were conducted at 5-10 mT steps and up to a maximum field of 80-100 mT. Stable characteristic remanent magnetization (ChRM) directions were identified through visual inspection of orthogonal demagnetization plots [Zijderveld, 1967] , and were calculated by fitting linear trends in the demagnetization plots using principal component analysis [Kirschvink, 1980] . Additional rock magnetic properties that were measured include the anhysteretic remanent magnetization (ARM) and two isothermal remanent magnetizations that were imparted at 0.1 T (IRM 0.1 T ) and 1.2 T (IRM 1.2 T ). c was measured with a Kappabridge KLY-2 (Geofyzica Brno) susceptibility bridge using a field of 0.1 mT at a frequency of 470 Hz. AF demagnetization and ARM experiments were conducted using a D-Tech 2000 (ASC Scientific) AF demagnetizer. The ARM was applied along the Z axis of the samples with a dc bias field of 0.05 mT parallel to a peak AF of 100 mT. IRM 0.1 T and IRM 1.2 T were imparted using an IM10-30 (ASC Scientific) pulse magnetizer. Magnetizations were measured using a SRM755R (2G Enterprises) threeaxis cryogenic superconducting rock magnetometer. [7] We used different magnetic properties and interparametric ratios to determine down-core variations in the type, concentration, and grain size of magnetic minerals. Magnetic susceptibility (c) has been used as a first-order indicator of the concentration of magnetic (sensu lato) minerals. We have calculated the forward S-ratio (or S′-ratio [see Kruiver and Passier, 2001] ), which is defined as IRM 0.1 T /IRM 1.2 T and is equivalent to the S-ratio of Bloemendal et al. [1992] . This S-ratio has been used to indicate the relative concentration of low versus high coercivity minerals. ARM has been used as a proxy for the concentration of low coercivity minerals [e.g., Evans and Heller, 2003] . IRM 1.2 T À IRM 0.1 T , which is equivalent to the "hard" IRM of Bloemendal et al. [1992] (hereafter referred to as HIRM), has been used as a proxy for the concentration of high coercivity minerals. Finally, the IRM 1.2 T /c ratio has been used to make inferences about the dominant magnetic minerals in a sedimentary sequence [e.g., Peters and Dekkers, 2003] and about relative variations in magnetic mineral grain size, provided that a single magnetic mineral is dominant [Thompson and Oldfield, 1986; Verosub and Roberts, 1995; Evans and Heller, 2003] . Hysteresis measurements for samples from different depths within each core were made using a Princeton Measurements Corporation vibrating sample magnetometer at the Kochi Core Center (Japan) and at the Institute for Rock Magnetism (Minneapolis, USA) to establish the domain state of the magnetic minerals [Day et al., 1977; Dunlop, 2002] .
[8] Auxiliary geochemical data include the iron (Fe) and total organic carbon (TOC) contents for core C142a. The Fe content was measured every 0.3 mm with an ITRAX XRF core scanner at the University of Vigo. A mean value every 2 cm was calculated using a running average. TOC was measured every centimeter using a UIC model 5011 CO 2 Coulometer at the Technical Services of the University of Barcelona. All magnetic and geochemical properties are reported in terms of the dry weight of the samples.
Stratigraphy, Sedimentology, and Age Models for the Studied Sediments
[9] Cores C142a and C087 consist of laminated clays, silts and silty-clays that are arranged into two main lithologic units ( Figure 2 ). The upper unit includes the uppermost 18 cm and 13 cm of cores C142a and C087, respectively, and is mainly composed of dark and massive silty-clays. The lower unit extends to the bottom of both cores and is made up of alternating millimeter-to centimeterscale laminae that consist of light and dark gray clays. Sediments in core C142a have a slightly coarser texture in the lowermost 56 cm. Lightcolored laminae are mainly composed of a fine mixture of massive micritic carbonate with other terrigenous minerals such as quartz and phyllosilicates and frequent fragments and whole shells of ostracods and diatoms. Dark-colored lamina consist of massive micritic carbonate with large fragments of partially pyritized plant remains and charcoal, as well as patchy black sulfide-and/or manganeserich accumulations. Millimeter-scale alternations of these laminae appear to be associated with annual water level oscillations, which are driven by the spring melting of surrounding mountain ice caps and accumulation of ice and snow in autumn. On the other hand, centimeter-scale alternations of laminae seem to be related to early diagenetic conditions linked to degradation of organic matter (see Giralt et al. [2002] for further details).
[10] Based on available sedimentologic data, the studied sediments can be interpreted as distal prodeltaic sediments that accumulated on the lake shelf. These sediments are mainly characterized by endogenic carbonates and variable contributions from both riverine (from the Jergueland and Tyup rivers) and eolian (from the Taklamakan Desert in the Tarim basin and other sources) terrigenous material Giralt et al., 2004] .
[11] Establishment of an independent chronological framework is crucial to obtain a reliable PSV record. Age models for the studied cores are based on AMS radiocarbon dating of seven and four pollen-enriched samples distributed throughout cores C142a and C087, respectively [Larrasoaña et al., 2011] , as no other suitable material for radiocarbon dating was found. The age model of core C142a was developed after correcting some of the samples for a mean reservoir effect of 1182 AE 135 14 C yr BP (see Larrasoaña et al. [2011] for a detailed explanation). The same reservoir effect was applied to the four samples from core C087. The constructed age models indicate that the sedimentary records extend back to 1850 yr BC (core C142a) and 3700 yr BC (core C087), respectively. The resulting mean sedimentation rates (0.39 mm/yr and 0.23 mm/yr for cores C142a and C087, respectively) (Figure 2 ) are of the same order as sedimentation rates estimated for other cores from Lake Issyk-Kul [Giralt et al., 2004; Ricketts et al., 2001 ]. An attempt to AMS 14 C date the top of core C087 was unsuccessful given the anomalous age of the core top sample. Nevertheless, occurrence of the same uppermost lithological unit in the two studied cores, which have roughly the same thicknesses as those found in previous cores that have been dated using 210 Pb [Giralt et al., 2004] , suggests that the sediment-water interface was recovered in cores C142a and C087. This is supported by extrapolating linear accumulation rates upward from the uppermost radiocarbon date of each core.
[12] The resulting age models indicate that the sampling resolution in cores C142a and C087 is about 60 and 100 years, respectively. Although this resolution is lower than typical resolutions attained by studying fired archeological materials (where several well-dated structures can be studied per century), it is similar to that of most lake sediment PSV records (mean resolution of about 100 years) used to construct the new generation of global geomagnetic field models Korte et al., 2009] .
Results

Rock Magnetism
[13] The low-field magnetic susceptibility of core C142a sediments has roughly constant values of about 0.3*10 À6 m 3 /kg down to a depth of $100 cm, and increases considerably below that depth until reaching a maximum value of 1.2*10 À6 m 3 /kg (Figure 3a) . Magnetic susceptibility values for core C087 are roughly constant throughout the core, with a mean value of 0.2*10 À6 m 3 /kg (Figure 3b ) that is similar to the mean susceptibility value for the uppermost 100 cm of core C142a.
[14] S-ratios oscillate around 0.75 throughout most of both cores, which indicate the presence of both low-and high-coercivity magnetic phases. The IRM 1.2 T /c ratio has relatively constant values of around 6 and 13 kA/m throughout cores C142a and C087, respectively (Figure 3) . These values are consistent with magnetite as the main lowcoercivity mineral [Peters and Dekkers, 2003 ] and point to the absence of the (likely authigenic) magnetic iron sulfides greigite or pyrrhotite [e.g., Larrasoaña et al., 2007] despite evidence for the presence of pyrite. The slightly lower IRM 1.2 T /c ratios for core C142a suggest coarser magnetite grain sizes compared to core C087 [Peters and Dekkers, 2003] . This is further demonstrated by hysteresis data (Figures 4a and 4b) , which indicate that cores C087 and C142a are dominated by a lowcoercivity mineral that spans the PSD and MDcoarse PSD grain size ranges, respectively. Good correlation between hysteresis parameters and IRM 1.2 T /c (Figures 4c and 4d) validates the use of IRM 1.2 T /c as a proxy for magnetite grain size throughout the studied cores. Back-field demagnetization data (e.g., Figure 4a , inset) indicate a variable contribution from a high-coercivity mineral, which in the absence of magnetic iron sulfides is interpreted as hematite. The coexistence of this mineral with magnetite is entirely consistent with the S-ratios of the studied sediments [Frank and Nowaczyk, 2008] .
[15] ARM values of around 20 to 30*10 À6 Am 2 /kg are found throughout most of core C087 and parts of core C142a, but ARM values exceed 50*10 À6 Am 2 /kg in the lowermost 50 cm of core 142a, in its uppermost 10 cm, and at around 60 cm deep (Figure 3a) . HIRM oscillates around $5 to $8*10 À4 Am 2 /kg in the upper and lower parts of both cores, respectively. Inspection of depth variations of magnetic properties (e.g., c, ARM, HIRM, IRM 1.2 T /c) in the studied cores does not reveal a common pattern (Figure 3 ). Low TOC values (<1.4%) and low Fe contents that undergo minor variations throughout core C142a, with no evidence of sharp shifts (Figure 3a) , and preservation of magnetite and hematite indicate relatively little diagenetic modification of the magnetic minerals throughout the studied cores.
Paleomagnetism
[16] Progressive AF demagnetization of the NRM indicates the presence of a small viscous component in all samples that always unblocks below 15-20 mT ( Figure 5 ). Above this field and up to 80-100 mT, a stable magnetization that is directed toward the origin of the demagnetization plots is identified in all samples except for the two uppermost samples from core C087, which were likely affected by coring disturbances. No evidence for a gyroremanence has been detected in any of the studied samples, which further suggests the lack of magnetic iron sulfides in the studied sediments [e.g., Snowball, 1997; Sagnotti and Winkler, 1999; Roberts et al., 2011] . The stable remanence component has been interpreted as the characteristic remanent magnetization (ChRM). The maximum angular deviation (MAD) [Kirschvink, 1980] Figure 6 ).
[17] Relevant paleomagnetic and rock-magnetic data are plotted as a function of age after transforming the respective depth scales into age using the independent radiocarbon-based age models for each core (Figure 2) [Larrasoaña et al., 2011] . The mean inclination for core C142a is 34.6 ( Figure 6a) ; inclinations range between 79.3 (1946 AD) and 10.7 (350 BC). Progressively decreasing inclination is observed in this core from 1800 AD to 800 BC. Before this age, inclinations increase sharply and are relatively constant ($35 ). The inclination pattern from core C087 (Figure 6b ) has important differences in the amplitude of the features observed. For core C087, inclination varies from 61.6 (460 AD) to 33.2 (3560 BC) around a mean of 50.1 .
[18] Cores C142a and C087 are azimuthally unoriented and thus no absolute declination values could be obtained. We plot relative declinations centered around the mean declination for each core (459 AD). The maximum declination reached at 459 AD is followed by a progressive decrease down to À10.3 at 970 BC. Before this age, Figure 5 . AF demagnetization behavior for representative samples from cores C142a and C087. In the Zijderveld [1967] diagrams, open and closed circles represent projections onto the vertical and horizontal planes, respectively. Corresponding stereographic projections and normalized NRM-intensity decay curves are also shown. Numbers indicate the peak applied AF and MDF determined for each sample. Depths and the corresponding age obtained from the radiocarbon-based age models available for these cores (see Larrasoaña et al. [2011] for further details) are indicated for each sample. The maximum angular deviation (MAD) [Kirschvink, 1980] obtained for the characteristic remanent magnetizations are also given. The cores were azimuthally unoriented and no absolute declinations could be obtained. Note that only data from core C087 are interpreted as reliable recorders of geomagnetic field changes in the studied area.
relatively constant declinations of around À3.5 are observed.
Discussion
PSV Data and Geomagnetic Field Models for Central Asia
[19] Declination and inclination values for cores C087 and C142a are generally consistent between consecutive samples and reveal gradually varying directional changes (Figure 6 ). These changes appear to be unrelated to variations in lithology or rock magnetic properties, except for the uppermost part of core C142a (Figures 3 and 6) . The mean paleomagnetic inclination for core C087 (50.1 ) is 11.0 shallower than the expected inclination at the studied site (61.0 ) for a geocentric axial dipole (GAD) field (Figure 6 ). This observed inclination flattening is typical of sediments where the ChRM is a detrital remanent magnetization (DRM) [e.g., Bressler and Elston, 1980; Tauxe, 2005; Tauxe et al., 2008] , and is usually explained as a result of rolling of magnetic particles on the substrate during deposition and further compaction-induced inclination flattening that occurs after locking of the ChRM [Blow and Hamilton, 1978; Anson and Kodama, 1987; Tauxe et al., 2008] . In contrast, Figure 6 . Temporal variations of ARM, IRM 1.2 T /c, HIRM, median destructive field (MDF) and relative declination and absolute inclination of the characteristic remanent magnetization (ChRM) directions obtained for cores (a) C142a and (b) C087. The inclination expected for a geocentric axial dipole (GAD) field at the site latitude is indicated by a black line. Each record is plotted using its own radiocarbon-based chronology [Larrasoaña et al., 2011] .
Geochemistry Geophysics
Geosystems G 3 G core C142a has a strikingly stronger average inclination flattening of 26.4
. Amplitudes of declination and inclination variations are about 30 for core C087, which is compatible with expected values at the studied latitude as derived from available data and geomagnetic field models Korte et al., , 2009 , and references therein]. In contrast, core C142a has amplitudes of declination and inclination changes of about 60 and 70 , respectively, which are much larger than expected for the studied location. Overall, these circumstances suggest that core C087, but not core C142a, could represent a reliable record of geomagnetic field variations in central Asia. Two main factors may account (perhaps in combination) for the inferred lower paleomagnetic reliability of core C142a. First, the magnetic carriers in these sediments fall mostly within the MD and coarse PSD grain size range (Figure 4 ). They are therefore less prone to be reliable recorders of stable paleomagnetic directions compared to core C087, which is characterized by finer PSD grain sizes (Figure 4) . Second, the magnetic fabric of sediments from core C142a has a stronger tectonic imprint compared to core C087 sediments, probably because of their closer location to an active compressive, E-W oriented fault [Larrasoaña et al., 2011] . Such a tectonic overprint might have altered the spatial configuration of detrital magnetic particles in core C142a, thereby affecting the ChRM directions. Factors such as differential compaction after locking of the ChRM might also have affected the paleomagnetic recording fidelity of core C142a. Regardless of the specific cause(s), we consider that core C142 does not provide a reliable record of PSV at the studied site, so that only results from core C087 are hereafter considered.
[20] PSV data from core C087 from Lake Issyk-Kul are shown in Figure 7 along with PSV records from Lake Baikal, Lake Aslikul and the Aral Sea. A strikingly similar pattern can be observed between the inclination records from lakes Issyk-Kul and Baikal (Figure 7 ). Relative inclination minima at around 750-1000 BC and 3500 BC, along with inclination maxima at around 750 AD and 2000 BC, are observed for both records. The declination records from lakes Issyk-Kul and Baikal have some similarities such as the occurrence of relative declination maxima at around 1250 AD, 250 BC, and 3250 BC, but also some significant discrepancies in the ages of declination minima (Figure 7) . Given the large distance between lakes Issyk-Kul and Baikal (about 2300 km) and their independent radiocarbon chronologies, we consider their records to be remarkably consistent. The inclination record from Lake Aslikul has a similar structure to those of lakes Issyk-Kul and Baikal, although some features appear to be shifted to younger ages before 500 AD (Figure 7) . This is the case for the inclination maximum at around 1250 BC and the minima at 250 BC and 2500 BC in Lake Aslikul, which occur at 2000 BC, 750-1000 BC, and 3500 BC, respectively, in lakes Issyk-Kul and Baikal. A similar shift to younger ages seems to occur in the main features of the Aslikul declination record compared to lakes Issyk-Kul and Baikal (Figure 7 ), although such shifts are less clear because of the less marked similarities among the records. Overall, this suggests a 500-1000 year offset to younger ages inferred before 500 AD for Lake Aslikul on the basis of inclination data. The Aral Sea record is too short to enable reliable comparison.
[21] The family of spherical harmonic geomagnetic models Korte et al., 2009] , which includes the SED3K.1 (based only on lacustrine and rapidly accumulated marine sediments), ARCH3K.1 (based only on archeological and lava flow material) and CALS7K.2 models (based on all sources of paleomagnetic data), appear to reproduce, albeit with some differences in amplitude and resolution, the PSV recorded in Lake Aslikul (Figure 7) . In contrast, the models reproduce well the structure of the PSV records from lakes Issyk-Kul and Baikal, although there appears to be a significant temporal offset before 500 AD. The records appear to be shifted to older ages, with offsets ranging between 500 and 1000 years. [22] There are three alternative explanations for the observed age offsets among the PSV records. The first is that the features identified in the lakes IssykKul and Baikal records constitute genuine nondipolar features that are captured later in the west in Lake Aslikul. This interpretation is ad hoc and is difficult to support on geomagnetic grounds. Age differences of 500-1000 years are too large to be explained solely by westward drift of higher-term geomagnetic field components . The second possibility is that the lakes Issyk-Kul and Baikal PSV records are based on problematic chronologies linked, for example, to an undetected and/or time variable reservoir effect that yields older radiocarbon ages for sediments older than 500 AD. Given the distance and the striking differences in size and water chemistry between lakes Issyk-Kul and Baikal, [Herdendorf, 1982; Savvaitova and Petr, 1992] , and keeping in mind the similarity between their PSV records, we Figure 7 . Comparison between the new PSV record obtained for Lake Issyk-Kul and published data from Lake Baikal [Peck et al., 1996] , Lake Aslikul [Nurgaliev et al., 1996] and Aral Sea [Nourgaliev et al., 2003] . Declination and inclination values predicted for each location from geomagnetic field models Korte et al., 2009] consider this explanation unlikely. The third possibility is that the Lake Aslikul PSV record is shifted to younger ages due to either a delayed remanence acquisition [e.g., Sagnotti et al., 2005; Suganuma et al., 2011] or to an inaccurate chronological model. The age model for the Lake Aslikul record is not based on radiocarbon dating but on a correlation between a pollen-based paleoclimatic record and a radiocarbon-dated regional paleotemperature master curve [Klimanov and Khotinsky, 1988, pp. 45-51; Nurgaliev et al., 1996] . Keeping in mind the lack of a direct chronology for this record, we consider this explanation to be the most plausible. In this case, the discrepancies between the lakes Issyk-Kul and Baikal PSV records and the SED3K.1 and CALS7K.2 models might be explained by a strong temporal bias on the model results exerted by the Lake Aslikul record. However, this interpretation is difficult to reconcile with the ARCH3K.1 model (Figure 7) , which has similar PSV trends to those of models SED3K.1 and CALS7K.2 and is independent of sedimentary PSV data. It should be noted, however, that the number of archeologic-and lava flow-derived PSV data decreases significantly for the first millennia BC in central Asia , so there is the potential that future improvements in the number of source data for this period will improve the ARCH3K.1 model in the Lake Issyk-Kul region.
Environmental Implications
[23] The terrigenous fraction of the Holocene Lake Issyk-Kul sediments derives from the combined supply of riverine suspended material from the Jergueland and Tyup rivers and eolian dust sourced from the Taklamakan Desert Giralt et al., 2004] . Magnetite is ubiquitous in metamorphic, intrusive and volcanic rocks [Dunlop and Özdemir, 1997] , such as those that dominate the catchment of Lake Issyk-Kul, and is also the main magnetic mineral in surface samples from the Taklamakan Desert [Torii et al., 2001] . Eolian dust from the Taklamakan Desert has been shown to contain hematite [Torii et al., 2001] , which might also be common in the metamorphic, intrusive and volcanic rocks [Dunlop and Özdemir, 1997] of the Lake Issyk-Kul catchment. Hematite is therefore the most likely high-coercivity mineral in the studied sediments from Lake Issyk-Kul. Temporal variations in magnetite and hematite concentrations (as identified by variations in ARM and HIRM, respectively) in the two studied cores do not have a common pattern (Figure 6 ). The presence of both minerals in all potential terrigenous source sediments prevents reliable interpretation of magnetite and hematite abundances in terms of paleoenvironmental (riverine and dust) variations in the Lake Issyk-Kul area. Hysteresis and IRM 1.2 T /c data indicate the presence of coarser-grained magnetite in core C142a sediments, which is consistent with sedimentological evidence for a higher sand content in this core and its location within a distributary channel of the deltaic system that drains into Lake Issyk-Kul from the NNW (Figure 1d) . IRM 1.2 T /c data do not have common variations in the two studied cores (Figure 6 ). More detailed rock magnetic studies are necessary to disentangle the environmental significance of magnetic mineralogic variations in the studied records.
Conclusions
[24] Stable paleomagnetic results from core C087 and an independent radiocarbon-based chronology indicate that mid to late Holocene sediments recovered from Lake Issyk-Kul provide a reliable record of PSV changes in central Asia. This is further supported by the overall similarity found between PSV records from lakes Issyk-Kul and Baikal, which are the only available Holocene central Asian PSV records with independent radiocarbon-based chronologies. Although similar in structure, significant temporal offsets before 500 AD exist between these two PSV records and those of Lake Aslikul and from global geomagnetic field models. We attribute the age offsets to the indirect age model on which the Lake Aslikul PSV record is based and to the strong bias that this record exerts on the global model results. Although additional well-dated PSV records are still needed to obtain a more robust understanding of regional PSV in central Asia and to improve geomagnetic field models, our new data represent a step in this direction. Our results also illustrate the potential of PSV records as a tool for dating sedimentary sequences, especially by matching inclination features, in a region that is key for unraveling teleconnections between high-and low-latitude climatic processes [Rohling et al., 2009; Yang et al., 2009] . Available bulk rock magnetic data have proved unsuccessful for disentangling past environmental changes in the Lake Issyk-Kul region, likely because magnetite and hematite, the two main magnetic minerals in the studied sediments, have a mixed (fluvial and eolian) terrigenous origin.
